Introduction
The Karayaka sheep is a nonfat-tailed, medium-sized (40-45 kg), indigenous breed of Turkey and native to the Black Sea Region, numbering about 1.3 million (1) . The color of the breed is white, with black and brown spots on the head, neck, and body (2) . The Karayaka sheep is generally defined as a carpet wool breed and is mainly kept for its high quality meat. Male lambs of the breed are raised and fattened for meat production; they have high quality meat due to their mosaic distribution pattern of fat among muscle fibers (1) . The breed is highly tolerant to harsh environmental conditions, but the profitability of Karayaka sheep farming is limited due to insufficient biological and socioeconomic resources.
Body weight is the primary parameter in meat production and is influenced by genetic and environmental factors. The aim of lamb producers is to improve this economically important trait (2) . For the last four decades, a trend has been observed in consumer demand for leaner meat (3) that is without thick layers of fat between and around the muscles (4) . Thus, it is important to take into consideration lamb weights to build a breeding scheme. Birth weight (BW), weaning weight (WW), ultrasonic scanning weight (SW), and carcass composition (fat and muscle depths) are vital traits in the sheep industry; therefore, most selection programs include these traits and scientists and farmers try to improve them. A selective breeding program for Karayaka sheep began in 2006 and the overall objective of this program was to increase the productivity of Karayaka sheep. The traits included in the breeding program were BW, WW (at 90 day), SW (at 140 days), and scanning fat and muscle depths.
There are a limited number of studies on genetic parameters calculated by restricted maximum likelihood (REML) algorithms for weights of Karayaka lambs. The aim of the present study was to estimate the genetic parameters for different body weights and carcass composition traits of Karayaka lambs by fitting 6 animal models in an attempt to separate direct genetic, maternal genetic, and maternal permanent environmental effects.
Abstract: In the current paper the direct additive and maternal genetic effects on birth, weaning (at 90 days of age), and scanning (at 20 weeks of age) weights and muscle and fat depths of the ribeye area in Karayaka lambs were investigated. Analyses were carried out by the restricted maximum likelihood approach, fitting 6 animal models with various combinations of direct and maternal effects. The best model was chosen after testing for improvement in the log-likelihood values. Direct heritability (h 2 d ) for all traits decreased when maternal genetic effects were included in the models. The maternal heritability (h 2 m ) ranged from 0.15 to 0.22 for birth weight, from 0.04 to 0.14 for weaning weight, and from 0.08 to 0.16 for scanning weight. The effects of h 2 m on muscle depth and fat depth of the ribeye area were not considered due to their insignificance. The permanent environmental effect of the dam was significant for birth, weaning, and scanning weights. Moderate negative genetic correlations (r am ) between the direct and maternal genetic effects were observed, which were significant for birth (-0.179 and -0.221), weaning (-0.310 and -0.415), and scanning (-0.116 and -0.141) weights. As a result, h
Materials and methods
The study was conducted in the sheep research farm of Gaziosmanpaşa University, Tokat, Turkey (40°31′N, 36°53′E, and 650 m above sea level). The data were collected from 2006 to 2011 to estimate (co)variance components for BW, WW, SW, and muscle depth (MD) and fat depth (FD) of the ribeye area from 1262 Karayaka lambs, some of which were twins or born in different breeding seasons of the same dam (for BW, WW, and SW 1262 lambs were used, and for MD and FD 1059 lambs were used). The Karayaka lambs were obtained from 554 ewes sired by 53 rams. The weights of all lambs at birth, at 90 days of weaning age, and at 140 days of scanning age, and calculated based on MD and FD measurements of the ribeye area, were taken with a 50 g sensitivity scale. The MD and FD of the ribeye area were recorded at the 3rd lumbar in the lambs by an ultrasonic linear prop (Falco Vet Linear prop 8.0 MHz; Pie Medical Equipment Co., Maastricht, the Netherlands) Minitab Version 12.1 (Minitab Inc., State College, PA, USA) was used for preliminary data analyses with the general linear model. In each of the linear mixed models, the analyses included the fixed effects of birth year, sex, birth type, and dam age. Lamb age was fitted as a linear covariate. Estimates of genetic parameters and variance components were obtained by the REML approach, fitting 6 different animal models and utilizing all pedigree information using the ASREML program (5) . The model included the random effects of animal, sire, and dam. The 6 different animal models used to estimate the BW, WW, and SW parameters are presented in Table 1 , where Y is the vector of observations; b is the vector containing year of birth, sex, type of birth (single and multiple), and age of dam as fixed effects; a, m, c, and e are vectors of the direct additive genetic effects, the maternal genetic effects, the permanent environmental effect of the dam, and the residual, respectively; X, Za, Zm, and Zc are incidence matrices relating observations to b, a, m, and c, respectively; A is the numerator relationship matrix; and σ am is the covariance between the direct and maternal genetic effects.
The (co)variance structure of the random effects in the analysis can be described by the following: is the residual variance; and I d and I n are the identity matrices of an order equal to the number of dams and records, respectively (6) .
The (co)variance components and genetic parameters were determined using model 1 for the MD and FD of the ribeye area because the other models gave insignificant results.
Results
Estimates of the (co)variance components and genetic parameters obtained from the 6 different models for BW are shown in Table 2 . According to model 1, which took into consideration the direct additive effect and ignored the maternal genetic effect, the direct heritability (h Estimates of the (co)variance components and genetic parameters obtained from the 6 different models for WW are shown in Table 3 . Depending on the model being employed, the h values within the range of 0.04-0.14 were estimated.
Estimates of the (co)variance components and genetic parameters obtained from the 6 different models for SW are shown in Table 4 . For models 1, 2, 3, 4, 5, and 6, the h Estimates of the (co)variance components and genetic parameters obtained from the 6 different models for MD and FD are shown in Table 5 for MD was 0.10 ± 0.061. Also, the log likelihood value was 893.55. The h 2 d and the log likelihood value estimates for FD were 0.009 ± 0.0369 and 2520.16, respectively.
Discussion

BW
by 43.18%, 34.09%, 45.45%, and 36.36%, respectively. Depending on the model that was used, the maternal effect consisted of environmental and genetic components. In model 6 the maternal genetic effect was 22% of the total variance, while the permanent environment of the dam was <0.01%. It can be clearly seen that the values of h Tosh and Kemp (9) estimated negative genetic correlations for Poll Dorset, Hampshire, and Romanov lambs whose values ranged between -0.13 and -0.56. Maria et al. (12) observed even higher negative estimate values, which they considered to be associated with the small number and structure of their data. Ligda et al. (10) reported that the genetic correlation estimations for Chios lambs were negative. On the other hand, Nasholm and Danell (13) showed that estimates for Swedish fine-wool lambs were positive. Cundiff (14) previously described that, from an evolutionary standpoint, negative covariance between direct and maternal genetic effects prevents the species from becoming larger over time. The results of the current study were in disagreement with the previous findings of Nasholm and Danell (8) . On the other hand, various authors have reported that a possible negative environmental covariance between offspring and dam may lead to a prejudiced estimation of genetic correlation between the direct and maternal effects (10) . For the 6 different models that had the best model components, the likelihood values that were determined using the log likelihood ratio tests are provided in Table 1 . Model 1, which only included the additive direct effect, was identified as the best model based on the -2 logL value. According to ASREML principles, the model with the smallest -2 logL value should be considered as the best model (7, 15) . This result is similar to the findings of Ulutas et al. (7) . Mohammadi et al. (16) , on the other hand, determined that the best model was model 3, which is the model that took into account both the direct and maternal additive genetic effects.
WW
Depending on the model being employed, h 2 d estimates for WW were higher than the ones reported for Chios lambs by Ligda et al. (10) . Model 1, which did not take the maternal effects into account, estimated the highest heritability values, while models 3, 4, 5, and 6, which took the maternal effects into account, estimated h 2 d values that were lower by 32.50%, 15.00%, 27.50%, and 7.50%, respectively, as compared with model 1.
In model 3, the estimates of h With respect to WW, the correlations between the direct and maternal effects have generally been negative, with a range of -0.1 to -0.6 (17, 18) . However, certain studies have also reported zero correlations (19, 20) and positive correlations (21, 22) . Estimates of this correlation can be influenced by the model that is used, and problems relating to the precision of the estimations were previously described by Larsgard and Olesen (19) . The value of the h 2 m estimate was lower than the published values. There is evidence that the estimate of WW is affected by the model that is used, and this estimate generally declines from BW to WW (8, 12, 17, 21, 23) . The lower values in comparison with those for BW can possibly be explained by the fact that the maternal effects gradually decrease as the lambs grow older (24) . The maternal genetic and environmental effects for BW followed the same pattern; however, the magnitude of these effects was lower. The value of h For the 6 different models, the likelihood values with the most appropriate model components that were determined by using the log likelihood ratio tests are provided in Table  3 . Model 6, which took into account both the maternal effect and permanent environmental effect due to the dam, was identified as the best model based on the -2 logL value. According to ASREML principles, the model with the smallest -2 logL value should be considered the best model (7, 15) . These results are in agreement with Ligda et al. (10) , who indicated that model 6 (the one that took both the maternal effect and permanent environmental effect of the dam into account) was the best model. The lack of a maternal genetic effect might have resulted from the small size of the data set. Mohammadi et al. (16) previously determined in another study that the best model was model 3, which is the model that took into consideration the direct and maternal additive genetic effects.
SW
In the present study, the h estimated by models that took the genetic maternal effects into account, i.e. models 3, 4, 5, and 6, were lower by 27.08%, 20.83%, 35.41%, and 29.16%, respectively.
Taking the maternal genetic effect into account in models 3, 4, 5, and 6 resulted in a decrease in the log likelihood in comparison with model 1. Model 1 provided considerably higher estimates for the direct additive genetic variance (σ 2 a
) and heritability than models 2, 3, 4, 5, and 6. Models that ignored the additive maternal effects (models 1 and 2) yielded higher h 2 d values than models that included the additive maternal effects (models 3 and 4). In model 1, the h In model 2, which took into account the maternal environmental effect, both the σ than model 4. In model 6, in which both the environmental and genetic maternal effects were considered, the maternal genetic effects were 10% of the total variance, while the permanent environment of the dam accounted for 0.06% of the total variance. It was evident that the values estimated for h 2 d and h 2 m were considerably influenced by the model that was employed. In model 4, where the permanent environment of the dam was not taken into consideration, the maternal genetic variance accounted for all of the total variance, which led to an overestimation of h 2 m in comparison with models 3, 5, and 6. The genetic correlation between the direct and maternal genetic effects was -0.14, while the covariance was -0.02.
Ap Dewi et al. (25) previously reported that for the SW, the genetic correlation between the direct and maternal genetic effects and the genetic variance between the direct and maternal effects were estimated as 0.40 and 0.12, respectively. That result was not in agreement with the findings of the present study. On the contrary, Ap Dewi et al. (25) also obtained a positive r am for SW. For the 6 different models, the likelihood values that had the most appropriate model components and that were determined using the log likelihood ratio tests are provided in Table  1 . Model 6, which took into account the maternal and permanent environmental effects of the dam, was identified as the best model based on its -2 logL value. According to ASREML principles, the model with the smallest -2 logL value should be considered as the best model (15) . This result is similar to the findings reported by Ligda et al. (10) , identifying model 6 as the best model. The lack of a maternal genetic effect might have stemmed from the small size of the data set. (30) , on the other hand, reported a relatively low estimate for MD (0.09) for Suffolk lambs. This value may be due to the fact that the animals in their study underwent ultrasonic measurements at 5 months of age. Previous studies that included an analysis of ultrasound assessments ignored the maternal genetic effects (19, 23, 28 value for FD was 0.26 at weaning. These researchers made use of data gathered in the field, which were analyzed using REML and a single trait sire model in order to avoid confusion with possible maternal effects.
MD and FD
In conclusion, the heritability values observed for body weights in the present study were within the ranges described in the literature. On the other hand, the h 2 d values that were observed for MD and FD were somewhat lower than the values reported in the literature. This is possibly because many of the studies that analyze ultrasound measurements do not take maternal genetic effects into account. The results of the present study indicated that the best models to estimate the genetic effects were model 3 on BW and WW, and model 6 on SW. These results were similar to those of other studies that have made estimations regarding the maternal genetic effects. Favorable h 2 d values for BW, WW, MD, and FD support the idea of using these traits as measurements in sheep breeding programs, and the estimates obtained from the present study can be effectively used in the genetic evaluation of Karayaka lambs in Turkey.
